. Experimental condition. Table S2 . Fitted parameters of EXAFS data. Table S3 . Impedance parameters from Nyquist plot and double-layer capacitance. Table S4 . Comparison of HER performance (in pH 0) of WS 2 in the literature. Figure S1 . TEM images and EDX data of WS 2 and WS 2 -CoCp 2 . Figure S2 . XRD data. Figure S3 . NMR, FTIR, and Raman spectra. Figure S4 . XPS data. 
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IV. References
S6 RE-2BP) was used as reference electrode, and a graphite rod (6 mm dia.  102 mm long, 99.9995%, Pine Instrument) was used as counter electrode. The electrolyte was purged with H 2 (ultrahigh grade purity) during the measurement. The applied potentials (E) reported in our work were referenced to the reversible hydrogen electrode (RHE) through standard calibration. In 0.5 M H 2 SO 4 electrolyte (pH 0), E (vs. RHE) = E (vs. SCE) + E SCE (= 0.241 V) + 0.0592 pH = E (vs. SCE) + 0.241 V. The overpotential (η) was defined as E (vs. RHE). 4 mg sample was mixed with 1 mg carbon black (Vulcan XC-72) dispersed in Nafion (20 L) and isopropyl alcohol (0.98 mL). The catalyst materials (0.390 mg cm -2 ) were deposited on a glassy carbon (GC) rotating disk electrode (RDE, area = 0.1641 cm 2 , Pine Instrument), and a rotation speed of 1600 rpm was used for the linear sweep voltammetry (LSV) measurements. The Pt/C (20 wt.% Pt in Vulcan carbon black, Aldrich-Sigma) tested as reference sample using the same procedure.
Electrochemical impedance spectroscopy (EIS) measurements were carried out for the electrode in an electrolyte by applying an AC voltage of 10 mV in the frequency range of 100 kHz to 0.1 Hz at a bias voltage of -0.15 V (vs. RHE). To measure double-layer capacitance, a potential range in which no apparent Faradaic processes occur was determined from static via cyclic voltammograms (CV). This range is 0.10.2 V. All measured current in this nonFaradaic potential region is assumed to be due to double-layer capacitance. The charging current, i c , is then measured from CVs at multiple scan rates. The working electrode was held at each potential vertex for 10 s before beginning the next sweep. The current density (J) is equal to the product of the scan rate () and the electrochemical double-layer capacitance (C dl ), as given by equation J =  C dl , Thus, a plot of J as a function of  yields a straight line with a slope equal to C dl . The scan rates were 20100 mV s -1 .
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TOF Calculation. The active site density and per-site turnover frequency (TOF) have been estimated as follows. It should be emphasized that since the nature of the active sites of the catalysts is not clearly understood yet and the real surface area for the nanostructured heterogeneous catalyst is hard to accurately determine, the following result is really just an estimation.
To estimate the electrochemically active surface site density, we used the C dl value determined by CV measured at 0.1-0.2 V, in a non-Faradaic region, using various scan rates; 5.8, 22.5, and 10.2 mF cm -2 , respectively, for 7%, 14%, and 20% CoCp 2 -intercalated WS 2 . The roughness factor, which is basically the surface area ratio between the catalyst vs. the metal electrodes (0.035 mF cm -2 ), S2 is calculated as 165 (= 5.8 mF cm -2 /0.035 mF cm -2 ), 643, and 291 for 7%, 14%, and 20% CoCp 2 -intercalated WS 2 , respectively.
The number of catalytic sites on the flat surface of catalyst can be estimated based on the crystal structure of distorted octahedral-phase 1T' WS 2 . Using the lattice parameters of 1T' phase WS 2 (we calculated as a = 3.27 Å, b = 3.20 Å,  = 119°) and assuming one active site per WS 2 (which translates into on reactive sites per unit cell), the density of surface active sites is 1/(0.5  3.27  3.20  sin 119°)  10 16 cm -2 = 2.2  10 15 atom cm -2 . S3 Our DFT calculation shows that the basal S sites above the center site (Co) of CoCp 2 are the most active sites, so the number of surface active sites is calculated as 0.14 (or 0.07, 0.20)  2.2  10 15 cm -2 , for 14% (or 7%, 20%) CoCp 2 -intercalated WS 2 . The density of surface active sites (m) of WS 2 -CoCp 2 (14%) on geometric area: 0.14  2.2  10 15 atom cm -2  roughness factor (= 643) = 2.0  10 17 cm -2 .
The total number of hydrogen (H 2 ) gas turns overs was calculated from the current density (J in mA cm -2 ) according to n H2 = J (mA cm -2 )/1000 mA  1 C s -1  1 mol e -/96486 C  (1 mol S8 H 2 /2 mol e -1 )  (6.02210 23 H 2 molecules/1 mol H 2 ) = 3.12  10 15 H 2 s -1 cm -2 per mA cm -2 .
For WS 2 -CoCp 2 (14%), the TOF for J = 30 mA cm -2 at  = 0.2 V is n H2 /m = 30  3.12  10 15 H 2 s -1 cm -2 / 2.0  10 17 cm -2 = 0.47 H 2 s -1 . We summarized the TOF values at 0.2 V as follows.
Computations. Geometry optimizations were performed using the Vienna ab-initio simulation package (VASP). S4 The electron-ion interactions were described using the projectoraugmented wave (PAW) method. S5 Attractive van der Waals interactions were included using Grimme's correction for the Perdew-Burke-Ernzerhof (PBE)-D3 method. S6 For structural optimization, the atoms were relaxed in the direction of the Hellmann-Feynman force using the conjugate gradient method with an energy cut-off of 520 eV, until a stringent convergence criterion of 1 meV/Å was satisfied. Lattice constants were optimized using the PBE-D3 exchange-correlation functional. S7 The k-point sampling was performed using -centered 664 points, which gave the total energy of the (44) WS 2 complex in the 1T' phase within 1 meV.
The adsorption energies and activation barriers for an H + ion at different adsorption sites were calculated using the climbing image-nudged elastic band (CINEB) method. S8 For computational efficiency, we adopted a supercell of (44) 2WS 2 with one CoCp 2 molecule.
For the Volmer reaction, the c constant of the supercell perpendicular to the slab geometry was maintained at a sufficiently large value (31.08 Å). In the initial configuration (IC), a H + ion was placed far from the WS 2 surface so that its closest distances to two WS 2 image surfaces along the c direction were at least 6.10 and 7.05 Å, respectively. In Heyrovsky reaction, the same c constant was used to identify the activated complex (AC). In the next step, the supercell was further elongated along the c direction by 19.00 Å and the second H + ion was placed and separated from the two image surfaces by 9.00 and 10.00 Å in the IC of the reaction, so that the activation barrier can be estimated more accurately by improving the accuracy of the calculated energies of the IC and AC. Tables   Table S1 . ]; e HER overpotential (V) at J = 10 mA cm -2 ; f Tafel slope (mV dec -1 ) for HER. Table S2 . Fitting parameters of EXAFS data for the WS 2 samples (see Figure 2 and Figure  S5 ). The FT curves of EXAFS were fitted to two scattering shells. A least-squares curve parameter method was performed using the ARTEMIS module of IFEFFIT and USTCXAFS software packages. Table S3 . Impedance parameters for the equivalent circuit that was shown in Figure S8 , and the double-layer capacitance (C dl ) as shown in Figure S9 . (b) We assigned the IR peaks of CoCp 2 based on the references; S19,S20 C-H stretching at 3090 cm -1 , C-C stretching at 1415 cm -1 , C-C breathing at 1100 cm -1 , C-C-H (in-plane) bending at S16 1005cm -1 , and C-H (out-of-plane) bending at 860 cm -1 . The peak at 1500 cm -1 is originated from the scissoring mode of water. The WS 2 -CoCp 2 shows the same peaks; C-H at 3088 cm -1 , C-C at 1415 cm -1 , C-C at 1095 cm -1 , C-C-H at 1008 cm -1 , and C-H bending at 860 cm -1 . It is known that the last peak is sensitive to oxidation; the peak position of CoCp 2 and WS 2 -CoCp 2 are close to those of cation form. S19 The WS 2 shows the strong C-H peaks at 2915 and 2850 cm -1 are originated from the oleylamine. The WS 2 -CoCp 2 also shows the same peaks.
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II. Supporting
Sample Scattering Path R (Å) a CN b E (eV) c  2 (Å 2 ) d 2H WS 2 W-SWS 2 -CoCp 2 -14% Co-C 2
Summary of IR peak assignment
Samples C-H stretching C-C stretching C-C breathing C-C-H (inplane) bending is 7, 14, and 20%. The C peak of WS 2 and WS 2 -CoCp 2 is larger than that of 2H WS 2 , due to the residual solvent and/or intercalated CoCp 2 .
(b) The W 4f 7/2 and 4f 5/2 peaks (separated by about 2.18 eV), and W 5p 3/2 peak (green). The 2H-WS 2 shows the 4f 7/2 peak at 32.4 eV, which is 1 eV blue-shifted from the neural W at 31.4 eV. The 4f 7/2 peak of WS 2 -CoCp 2 appears at 31.5 eV; this negligible shift is due to the metallicity S18 of 1T phase. The 4f 7/2 peak was resolved into two bands: 1T' phase (red) at 31.5 eV and 2H phase (blue) at 32.4 eV. The fraction of the 1T phase was determined as avg. 80%, indicating that this is the major phase. The small peak (grey) at 35.6 eV is assigned to the defective bonding with oxygen.
(c) The S 2p 3/2 and S 2p 1/2 peaks, which are separated by about 1.2 eV. The 2H-WS 2 shows peaks at 162.3 and 163.5 eV, which are 1.7 eV red-shifted with respect to the signal of neutral S (S 0 ) at 164.0 and 165.2 eV. They correspond to the S 2-anions bonded with the W cations in the 2H phase. For the WS 2 and WS 2 -CoCp 2 samples, the broad peak was resolved into four bands; two each for the 2H phase (blue) and the 1T' phase (red). The larger red-shift band, S 2p 3/2 at 161.3 eV and S 2p 1/2 at 162.5 eV, are assigned to those of electron-rich 1T' phase. EPR measurements were performed for CoCp 2 and WS 2 -CoCp 2 at room temperature. Both
CoCp 2 precursor and WS 2 -CoCp 2 exhibit a single peak, centered at 344 mT (g = 2.00). The signal can be originated from the low spin of Co 2+ state in CoCp 2 neutral molecule. S22 The larger intensity of WS 2 -CoCp 2 than that of CoCp 2 is ascribed to the higher population of neutral form, consistently with the XPS, EXAFS, IR, and Raman data. (a) The as-synthesized powders (30 mg) were dispersed in anhydrous ethanol 50 mL and TGA (Sigma-Aldrich, 99%) 3 mL was added in the solution. S23 The mixture was vigorously stirred at room temperature for 12h under argon gas flow, and then washed with ethanol by several times. The intensity of oleylamine peak is significantly reduced after the TGA treatments.
(b), (c) The overpotential for a current density of 10 mA cm -2 is 0.36 and 0.32 V, respectively, for WS 2 and WS 2 -TGA. The Tafel slope is 70 and 110 mV dec -1 for WS 2 and WS 2 -TGA. So the HER performance can be improved by the elimination of oleylamine ligand. In the case of WS 2 -CoCp 2 -14%, the HER performance was slightly reduced after the TGA treatment: the S26 overpotential for a current density of 10 mA cm -2 is 0.17 V, and the Tafel slope is 40 and 70 mV dec -1 , respectively, for before and after the TGA treatment. Nevertheless, the HER catalytic activity of WS 2 -CoCp 2 -14% is still higher than that of non-intercalated WS 2 after the ligand elimination. This result confirmed the enhancement effect of the CoCp 2 intercalation in the HER performance. Figure S11 . Nyquist plots for EIS measurements of WS 2 (including the inset) and WS 2 -CoCp 2 (7%, 14%, and 20%) from 100 kHz to 0.1 Hz at a representative potential of -0.15 V (vs. RHE).
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The modified Randles circuit for fitting is shown on the right.
Electrochemical impedance spectroscopy (EIS) measurements of the samples were performed using a 100 kHz-0.1 Hz frequency range and an amplitude of 10 mV at  = 0.15 V. In the high-frequency limit and under non-Faradaic conditions, the electrochemical system is approximated by the modified Randles circuit shown on the right panel, where R s denotes the solution resistance, CPE is a constant-phase element related to the double-layer capacitance, and R ct is the charge-transfer resistance from any residual Faradaic processes. A semicircle in the low-frequency region of the Nyquist plots represents the charge transfer process, with the diameter of the semicircle reflecting the charge-transfer resistance. The real (Z) and negative imaginary (-Z) components of the impedance are plotted on the x and y axes, respectively.
The simulation of the EIS spectra using an equivalent circuit model allowed us to determine the charge transfer resistance, R ct , which is a key parameter for characterizing the catalystelectrolyte charge transfer process. The fitting parameters are listed in The R ct is consistent with that of the HER performance. The reduced charge-transfer resistance plays a major role in enhancing the HER catalytic activity of the intercalated samples. Cyclic voltammograms (CV) were measured at 0.1-0.2 V, in a non-Faradaic region, using various scan rates. The double-layer capacitance (C dl ) was obtained as the slope of a linear fit of J vs. scan rate (20-100 mV s -1 ), where J is the difference between the anodic charging and cathodic discharging currents. The C dl values of WS 2 , WS 2 -CoCp 2 -7%, WS 2 -CoCp 2 -14%, and WS 2 -CoCp 2 -20% are 2.2, 5.8, 22.5, and 10.2 mF cm -2 , respectively (see the summary in Table S3 ), showing a significant increase upon intercalation. The intercalated samples have very rough surfaces and can thus expose a large number of active sites. Therefore, the increased double-layer capacitance leads to the enhanced HER catalytic activity of the intercalated samples. Figure S13 . Structure of P1, P2, V1, and V2 configuration (44) 2WS 2 -CoCp 2 -2. Turquoise, yellow, blue, grey, and white balls represent the W, S, Co, C, and H atoms, respectively. 
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